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=AN LAKE LEVELS DURING JANUARY, 1015. 

By U N ~ E D  STATES LAKE SURVEP. 
[Dated: Detroit, Micli., 1.1, . 4 ,  1tlla.I 

The following data are report(-(! i l l  the *'Notice to 
Mariners" of the above date: 

nata. 

Mean level during Jaimwy, 1915: 1 Fcr,t. Ft~t. I l i r t .  
Abow mean sea level at  New Tork.. . . . . . . . . . , . . Lio1.81 i 5i9.44 I 571.09 . 

Mean &ge id Dwemlaer 1911.. . . . . . . . . . . . , . . 
Man stage nf Jauuarv h.. . . . . __. . . . . . , . . 
Average stage for Ja&ary 1:rst 10 years.. . , . . 
Highest r~ol.dedJanuary'st3ge.. . . . . . . . . . , . . 

Above nr below- 

1 U!kI- 
I%?. 

Fcrt. 
" 4 .  ,I) 

-0. IS 
-0. w 
-0.9: 
-2'. 

Lowest rernrrled Janunry stare.. . . . . . . . . . , . . +o. 83 +o.:% +o. 13 +u. 90 
. Pro a! le change clurillg February, IW5.. . . . . . . . . . . . - 1  -0.2 , 0.0 1 -0.1 I +O. 1 
-_e I . I  . L- ---L- 5 :  r .  . / '  
TIE3 WATER RESOURCES O F  STRAWBERRY CREEK, 

BERKELEY, CAL. 
WILLIAM G .  REED and HOWARD hf .  LuY.  

[Dated: Uuiversity 01 Calibrriin, De:. I;, 1914.1 

Of the problems of immediate practical iniportnnce to 
the State of California a t  least two-that of frost and that  
of available water supply-are froni their nat.ure largely 
meteorological. In both these problems the importance 
of intensive stiidies of sinull areas is being recognized more 
and niore as tinie goes on. 

Because of the necessities of tlie university ;I study of 
the water resources of Strawberry Clreek, which Hows 
through the rainpus. line interested the univrrsit,v atlmin- 
istration and t,he C'ollego of Civil Engineering. !I'lie wide 
variety of conditions in the dra.iii:igr? area of the creek, to- 
gether with its sniall mteiit, about 1 squnre mile, a!so 
make it an int~rest~ing locality for t.hr study of local rain- 
fall variations and ranigage esposure. A s  t.he flow of tlie 
stream is measured by a recordiiy weir, the rclation of 
rainfall to run-off niay also be s t . u d d  from this w c w .  In 
view of these fact.s the problem of the w-atcr rcwurws of 
Strawberry Can on was undertaken as ti  senior tliesis by 

versity of California. Prof. Charlrs G111iia.n I-lpda hncl tho 
general direction of the thesis work, niid the sriiiur nut.lii.ir 
of this pa er assisted in t.he iiistmrologicd aspwt.s of tlic 
study. &e work done during the y e w  1913-14 by Mr. 
Loy IS the beginning of a st.utly wlikh i t  is liopcd my,- lit) 
carried on for several years. During the present wiiit.tir 
the study is being ninde b Mr. M. I<. White wit.ii adtli- 

by Mr. Lop, of t P ie College of Civil Engineering of the Thii- 

tional raingages and in t E e light of t.lie work clone in 

the Berkeley Hills. The chnract.er of t,lie w i  I :iritl 1 I i c  

1913-14. 
Topogmp7ry.-Tlie general t.opographic feaiures of t.lw 

drainage area and t,he positions of the riiingiiges ill RCI'V- 
ice may be seen €rani tlie niap (fig. I)  of this )ort.iiin o f  

geological structure of the region are such t h t ,  pr:ict,i- 
calls d the water which frills on the drainuge xre:i eit.I!cr 
flows over the wier ( 11' in fig. 1 )  or is ev:q>orat.td froni tkr 
drainuge area. Strnwberry (!reek is a t.orrenti:il st,re:ini. 
ita main chnniiel hnviug tt griide of abou t. 4 W  fcet, t i l  
the mile. The drainwe auea of the creek :ibow tlir wirr 
is about 600 acres. T%e portion of the we;i north of thc 
creek is larger than tlirit south of the creek niid t!ic slcipes 
are less steep. The entire area. is, however, cut l y  
ravines, so that rnin water finds Its n-i1.y ii1t.o t h  crwk 
almost immediately. Strawberry Canyon is surrounilerl 
by a ridge, or s UN of ridges, varying in alt,itiide from 

Shwbemy Creek at the wier is about 500 feet. 
1,NO to 1,500 P eet above sea level. The elevation of 

Sourees.--In the study of the rainfall and run-off, 
data from the following sources were available: 

(1) Rainfall aniounts for the 12-hour periods ending 
ut S 2%. ni. and 8 p. in., 120th meridian time, on the uni- 
wrsity cnnipus, from readings of an %inch gage 15 feet 
above tlie ground, but sheltered from wind by trees a t  
soiiie distance. 

( 2 )  Autoinntic records froni a Friez tipping-bucket 
raingwe on the uiiiversit, cxiiipus, 60 feet above the 

(31 ltnitifall amounts from fve S-iiich gages exposed on 
the ground in the drainage area as indicated in fi ure 1. 
(4) Stream-flow records from t,lie recordinw weir f ocated 

in t.he mniii clinnnel of Strawbe 

are in essentid accord in spite of the difference in exposure 
conditions. The gnges esposed on the drainage area 
were locritecl with the intention of getting ex osures a t  
different alt.itudes more or less iinifornily distri E uted over 
the wen. The locatmioxis of the gages are s h o r n  h the 
Ligiires on the cwtronipnnying map (fig. 1). Table 1 s x ows 
the essentid conditions of t.he esposure of each of the 
five gages C S ~ Q S ~ ~  on t.he drainage area. The position of 
the gages w:is soniewht~t influenced by the necessities of 
observation; they were so located that i t  WRS possible 
to make the round of the gcges riftar each storm when 
the ground was in poor condition. 
TAULE 1 .-C's'ci%dilions of czposure of field raingagesin S1rawben;Y Canyon. 

groiin8 and not sheltered P rorn tvhe sweep of the wind. 

Creek (#in fig. 1). 
The rriiiifiill records from bot 7? p g e s  on the campus 

. - ... . . . .- 

Exgosure. 

I 

-. 
15 Bhsllow depression at head of small trlbu- 

3 I 1 , m  15. Darc ridge. Exposed to sweep of the wind. 
~ ' __ ___ .-__ 

I These numbem correspond to those on the map, fig. 1. 

I 1*225 1 :: z: I 1 tnry. 

The dischnrge of the stream is measured b a triangu- 
Inr weir, .z form recognized as more ticcurate 7 or a stream 
wliic!i varies widely, tliaii n rectangular weir. The open- 
iiig of the weir is V-shaped, with nn angle of OOo a t  the 
hottom, tlie sides of the V xre angle iron, so that the 
olwning is sharp. The discharge is computed by Thomp- 
son's well-known forniula 

diere  Q is the discharge in second-feet and h is the head 
in fcct.. 

Tlw recording device indicates simply the level of the 
witcr ilowiiig over the weir. It consists of a pencil 
nt.!.iu l i d  to n float, working in it well beside the weir and 
recording with n scale of 1:l on a sheet of sper wrapped 
;u.oiiiitl :L wooden cylinder which is turne a by clockwork 
sit, t,lie mt.e uf about inch per hour, making a complete 
revolutioii in one week. 

~ ~ f . . ~ i r 7 t , ~ . - P c ~ l i a p ~  tlie most important result of the 
st,uc-l.v during t,he ye:w was the recownition of the reat 
tliilereiicc in t.lie catch of the gawes. ~ ~ r o ~ , l y  this Jffer- 
eiwc wr-ns clue to esposure c.oncRtions. while it was, of 
course, recogiiixecl that the catch of the gage mas de end- 
ent. on t.he esposure, it was hoped that the resu P ts a t  
t.he different gages might give ail idea of the precipitation 
in the iinniediate vicinity of each gage. Table 8,  which 
presents the records of the gages a t  the end of each storm, 
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11.. 
U... ............... 
14 .................. 
1s 

13 .................. 

shows the great difference in the catch of tliedifl'ereiit, 
g T .  Contrary to the usual conilitioii in C'difornia 
an elsewhere the gages a t  the higher levels showcd B 
smaller amount of precipitation than those in tlic bottoni 
of the canyon. It is not yet clear whether the retbsoii 
for this is to be found in the shelteriu trees ant1 bushes 
which restrict the swee of the win$!, or in the niore 

raingages. 
complicated question o P the cfi'ective clevatioii of tho 

TABLE Z.-Precipitation, in h i d e s ,  at Uwliclcy, Cal., July 1 ,  1315, 
lo Ju7u SO, 1914. 

............................................................................ 
2.28 (*) ............................................ 
1.46 (*) ................................... 

.... , : ....... .................................................................. . . . . .  
o.36(*) ............... .....,.... ............ :::: i ::::I:::: 1::: 

1913. 
_ _ - - ~  __ - 1 December. 

I 
Field g a p .  I Field gages. 

----- 
Dub. 

......................... 
........ 

............................... ........ 
....... ::-. ........ :::: .. .... .... .... 

0 ................ 
10 ....................... 0.13 0 11 .............. 0.21 (*) .................... 
11 ....................... 0.110.16 0.03 (*) 

.... i-... ....I :... .... :. .. ....I ..... I .... I ................ 

ia 13 ...... ....................... ~ . . . ~ . . . ~ : : : ~ : : : : ~ o . ~ ~ o . ~ ~  0.15;O. 11,. .... .............. 1. ...l...l././o. .O.l6( 3 1  I*) (*) l--.-I. 0.85;0.9U10. .-.I. .~~i~-~,-~ii I I 
................ .................... 

........... ........ ............ ................ .... ..... 
... ........ ................................. 15 ................... ! 1. I..:: :::: .... ................ 16 ................... 8 ................................. i I I i l l . . . .  14 ! I ! .._.I. I. I I I : I I I I I 1::l::l I 17.. ........ .I :. ...... i ............................ ............ .................... 1. 1. 25): : : :I:. . .I.. . .I:: 1: :I.. .. I. .... i: : : :I: : : : 1.. . .I. .. .I.. .. 

io ...... 1 ....I:.. .I .... 1.. . .~0.01~0.011.51,. ........... 0.19 I*) I .................... ................ ...... ........ P ....... I 0.50~0.57.0.tiso.~ _.I. 10.23,o.zi 0.2;0.32,n.32 a .... .... zl ....... 
B ....... 0.10 .... 
m 
25 
I ........... ..... 
27 ........... .... .. 
9~ ........... T. 
48 .. 
90 
81 ................... 
Total... .I). 1010. 30 ... .. 

1914. 

January. February. 

Dab. 1-1 1 Field gages. 1 I I Field gages. 

1914-Cuutinuad. 
. ~. .. 

1lnrc.h. 
.. 

.... ... 

1 .............. .... .... 0.01 

.... ........ 
.... .... 
.... 

.... .... .... 
.... .... 

............ ...... ..................... .... .... 
.... .... ..... 

......................... 0.05 .... ........ 

..................... ........ .... 

............. ... 
P 
21 

............. .... 

................. 

............. .... .... 

............ ... .. .. .. .. ... 
2 i  

31 ............. 

3 ............. 
z'!) ............. ... 

............. .. .. .. ... 

I=ficlg! k.~v pl:i?rd Kim. 10: rc*.:al nXer rorh storm. 
:I= fii%l y:iul' place1 No\-. 2s;  rv:uI iictcr ewh starm. 
4=.firlil g.ip plnr.~nl Dei.. 1: r w i  sltvr r:lc11 storm. 
5-lield gag* plncrd lhv. 1: rvnd 31tw cwli sterum. 

Thc winds during prccipit,:ition wc , nlrnost always 
from the south n.ud t,lw southen.sts rind, tlierdore, cross 
the ridge to the sout>li of the canyon. It map well be 
that, the effect.irc hciglit. of the gages at, t,lie foot! of the 
stee 3 south ridge is t h  sniiir :IS t.1i;i.t: of 61ie ridge: in other 
wor a s the elevu t.ion froiii wliicli precipilat,ion occurs is 
that of the crest. of t.lie ritl;:c rnt.1it.r thnp that nt, which 
tlie gages nrc locnt,ed. An eflort is being nia.de during 
1914-15 to o1)tnin rainfnll nieasureinents from the crest 
of this ridge itself to deterniine, if possible, what the rc- 
lation is. It will 1)o noted from Table 3 t,liat8 the precipi- 
tation nt guge 3 is larger than that n t  gage 1 and from t,he 
nisp t h t  the portion of t,he ridge t.o the south of gnge 3 
is higher t ,hm t,he port.ion t u  the sout,li of gage 1 .  

The relat,ions Letween the run-oil' as measured by thn 
weir niid the rniufn.11 as shown by t,he recnrd from t>lie 
gnge n t  the Stuc1eiit.s' 0bservn.torv is slic~~vn 11y Tnhln 3. 
A st,ucly of thc frngmcnta.ry recc~rds before 101 0 t,ogetlicr 
wit.li t.he records from the recording yip! shows t.liat- in 
seasons with a . 1 ~ 1  t8 the nrernge. precipit.,ztion of 38 indies, 
the run-on is from 0.25 to 0.31 of the rninfdl. For 
sensons of light,er rainfall the pcrccw t . : p  is prently (le- 
crensed, tdiiis in 1911-1 2 and in 1913-1 3, it, is 0.04s and 
0.041, res ,rctively. T1-m relnticln I-wtween previpit.at,ion 
and the iIow of Strawberry Crcck is sliowii Ijy f-igurc 2, 
wliicli sIio\vs the ( M y  miiifnU atj I3!3crkeIey nnd t,he run- 
off os nieiisured by t,he recorclitig v:cir. 

The studies iiiade cluring 1.913-14 €orin tlie beginning 
of a series which will increnue in usefulness as it heconies 
niore complete. It is liopecl that the. University of 
California will be able. to continue t,liis intensive study of 
rainfnll and run-oft' in Strawberry Cniiyoii uutil the 
aniount of wnter available and the relation between the 
preci itation and the stream flow in the east bay region 
may g e c1etern;ined with ii 
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FIO. ?.-Daily minfnlls in gsllons over Strmberry Creek hasin, Berkeley, Csl.,  1913-14. 

FIO. &-Daily discharge8 In gallons of Stnrwberry Creek, Berkeley, &I., 1913-14, measured by the recording weir. 
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July .................... 
August.. ............... 
September.. ........... 

MONTHLY WEATHER REVIEW. 

0.00 
0.011 
0. ! l i t  

TABLE 3.-Rainfall and run-oJ in GlrauJberry Canyon. 
[Millions of gnlloua.] 

1 9 

I 
Month. j- 

1811-12 / /  1910-1 1 

Jkember .............. 29.1.50 
January.. .............. 21.800 
Pebrunrv ............... G5. wn 
Mmh..::Ill ........... S3. iOn 
i r i l  .................. I i.za &.I. ................. 4.370 
Juue ................... I 0.64s 

season ........... I 492.209 

Kun-off. I l<o/Rr. I/ Rainfall. ' Rim-oiT. Rci/ltI. 
-,.. ~- I.-- ' I  I .............. 

1'. 
0. no 

4.445 
411. Frio 

8. ijn 

xi. .sa0 
25.250 
13.7W 

'r . 
1 y m  

53. ino 
I;. 9on 

39 

TABLE 3.-RainJiill and r u ~ o  ff in Strawberry Canyon-Continued. 
pfillians of gallons.] 

- 

Nmth. 

.... 

Jii1.v ................... 
A Ilgus t.. .............. 
SPptenilier ............ 
l .Wt$.dw-. ............. 
.':ovcmlwr.. ........... 
Dewnlw.. ........... 
J:wii:irv. .............. 
t,'rhriin'r.v.. ............ 
M:ui.h..:.. ............ 
,\ ~ r i l _ _ _ _ _ _ _ _ _ _ . _ _ . _ . _ _  

June.. ................ 
s w u n - -  ........ 

d4.. .................. 

1912-18 
. 

I 
Raiiikilt. Iiun-oiT. 

.... 

i. ;IS! 
n. itip 
n. 0111 

0. til12 

IO. 4%1 

1913-1.1 

................... 
n.041 : .......... I 

Run-off, 

........ ........ 

........ 

Ro/RI. 

......... ......... 
0.000 

0.002 

0. s3s 
0.3.42 
0.75s 
0.193 

......... 
n. 1.42 

......... ......... 

......... 
-_ ..... 


